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1
APPROACHING VEHICLE DETECTING
SYSTEM AND APPROACHING VEHICLE
DETECTING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an approaching vehicle detecting
system and approaching vehicle detecting method that detect
an approaching vehicle on the basis of sounds collected by a
plurality of sound collectors mounted on a host vehicle.

2. Description of Related Art

In an approaching vehicle detecting system, an ambient
sound is collected by a plurality of sound collectors, and the
moving direction of a sound source (particularly, the running
sound of a vehicle) is identified on the basis of an arrival time
interval between the collected sounds. In the system
described in Japanese Utility Model Application Publication
No. 5-92767 (JP 5-92767 U), frequency components in a
low-frequency band and a high-frequency band each are
removed by a band pass filter from electrical signals output
from a plurality of microphones arranged at a predetermined
interval to be converted to corrected electrical signals, power
in a predetermined frequency band in which the feature of the
running sound of a vehicle appears is calculated from the
corrected electrical signals, it is determined that there is an
approaching vehicle when the power level is higher than a
predetermined value, and unnecessary noise components are
removed from the corrected electrical signals to be converted
to noise reduction signals, the cross correlation between the
noise reduction signals of the plurality of microphones is
computed, and the approaching direction of the approaching
vehicle is computed from an arrival time interval at which the
correlation is maximum.

In the above described approaching vehicle detecting sys-
tem, in order to detect a vehicle that approaches in the trans-
verse direction of a host vehicle, a plurality of microphones
are arranged horizontally with respect to the host vehicle
(parallel to a road surface). However, the inventors of the
present application found a new challenge in process of devel-
opment. That is, when a plurality of microphones are
arranged horizontally in this way, not only a vehicle that is
running on a road in the same plane as the host vehicle but also
a vehicle that is running on a road vertically different in
position from the host vehicle (for example, a road above the
host vehicle (elevated road), a road below the host vehicle) is
also detected as an approaching vehicle. That is, there is no
difference in the arrival time interval between sounds col-
lected by a plurality of horizontally arranged microphones
between a sound source present in the same plane as the host
vehicle and a sound source present above or below the host
vehicle, so it is difficult to distinguish whether a sound source
is in the same plane as the host vehicle. In this way, in the
existing approaching vehicle detecting system, a sound
source in a vertically different plane, which is unlikely to
collide with the host vehicle, may also be detected as an
approaching vehicle. As a result, an unnecessary alarm, or the
like, about the detected approaching vehicle is issued, so the
reliability of a safety system decreases.

SUMMARY OF THE INVENTION

The invention provides an approaching vehicle detecting
system and approaching vehicle detecting method that highly
accurately detect an approaching vehicle that runs on aroad in
the same plane as a host vehicle.
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A first aspect of the invention relates to an approaching
vehicle detecting system that detects an approaching vehicle
on the basis of sounds collected by a plurality of sound col-
lectors mounted on a host vehicle. The approaching vehicle
detecting system includes: a transverse determination unit
that determines whether a transverse moving direction of a
sound source detected using the plurality of sound collectors
is a direction approaching the host vehicle; and a vertical
determination unit that determines whether a vertical position
of the sound source detected using the plurality of sound
collectors is in the same plane as that of the host vehicle,
wherein, when the transverse determination unit determines
that the transverse moving direction of the sound source is the
direction approaching the host vehicle and the vertical deter-
mination unit determines that the vertical position of the
sound source is in the same plane as that of the host vehicle,
the sound source is detected as the approaching vehicle.

In the approaching vehicle detecting system, the plurality
of'sound collectors are used to detect a sound source (particu-
larly, the running sound of a vehicle). In the approaching
vehicle detecting system, the transverse determination unit
determines whether the transverse moving direction of the
sound source is the direction approaching the host vehicle,
and the vertical determination unit determines whether the
vertical position of the sound source is in the same plane as
that of the host vehicle. Then, in the approaching vehicle
detecting system, when it is determined that the transverse
moving direction of the sound source is the direction
approaching the host vehicle and it is determined that the
vertical position of the sound source is in the same plane as
that of the host vehicle, the sound source is detected as the
vehicle approaching the host vehicle. Thus, even when the
transverse moving direction of the sound source is the direc-
tion approaching the host vehicle, but when the vertical posi-
tion of the sound source is not in the same plane as that of the
host vehicle (above or below the host vehicle), the sound
source (vehicle) is unlikely to collide with the host vehicle
even when the sound source (vehicle) approaches the host
vehicle in the transverse direction, so the sound source is not
detected as the approaching vehicle to the host vehicle. In this
way, in the approaching vehicle detecting system, by deter-
mining whether the vertical position of the sound source is in
the same plane as that of the host vehicle in addition to the
transverse moving direction of the sound source, it is possible
to detect only an approaching vehicle in the same plane,
which is likely to collide with the host vehicle, so the detec-
tion accuracy of an approaching vehicle improves.

In the approaching vehicle detecting system according to
the first aspect of the invention, the vertical determination unit
may determine that the vertical position of the sound source is
in the same plane as that of the host vehicle when an arrival
time interval between sounds respectively collected by the
sound collectors arranged at different positions in the vertical
direction of the host vehicle is smaller than or equal to a
threshold.

In this approaching vehicle detecting system, the sound
collectors are located at different positions in the vertical
direction of the host vehicle, and a sound is collected by each
of the sound collectors located at different positions in the
vertical direction. When a sound source is present in the same
plane as the host vehicle, the vertical position of the sound
source is located at a position having substantially the same
level as the sound collectors located at different positions in
the vertical direction, so an arrival time interval of a sound
from the sound source between the sound collectors located at
different positions in the vertical direction is small. On the
other hand, when a sound source is not present in the same
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plane as the host vehicle, the vertical position of the sound
source is located at a position having a level significantly
different from the level of the sound collectors located at
different positions in the vertical direction, so an arrival time
interval of a sound from the sound source between the sound
collectors located at different positions in the vertical direc-
tion increases. Then, the vertical determination unit of the
approaching vehicle detecting system determines whether the
arrival time interval between sounds respectively collected by
the sound collectors located at different positions in the ver-
tical direction is smaller than or equal to the threshold, and,
when the sound arrival time interval is smaller than or equal to
the threshold, determines that the vertical position of the
sound source is in the same plane as that of the host vehicle.
In this way, in the approaching vehicle detecting system, by
determining whether the sound arrival time interval between
the sound collectors located at different positions in the ver-
tical direction is smaller than or equal to the threshold, it is
possible to simply and highly accurately determine whether
the vertical position of the sound source is in the same plane
as that of the host vehicle.

In the approaching vehicle detecting system according to
the first aspect of the invention, the vertical determination unit
may determine whether the vertical position of the sound
source is in the same plane as that of the host vehicle on the
basis of a variation in an arrival time interval between sounds
respectively collected by the sound collectors arranged at
different positions in the vertical direction of the host vehicle
and different positions in the transverse direction of the host
vehicle.

In this approaching vehicle detecting system, the sound
collectors are arranged at different positions in the vertical
direction of the host vehicle and different positions in the
transverse direction of the host vehicle, and a sound is col-
lected by each of the sound collectors located at different
positions in the vertical direction and different positions in the
transverse direction. When a sound source is present in the
same plane as the host vehicle, as the sound source
approaches the host vehicle and then moves away from the
host vehicle in the transverse direction of the host vehicle, the
sound collector that a sound from the sound source reaches
first changes in the middle (irrespective of the vertical posi-
tions of the sound collectors, it changes from the left sound
collector to the right sound collector when the sound source
moves from the left side of the host vehicle to the right side of
the host vehicle, and it changes from the right sound collector
to the left sound collector when the sound source moves from
the right side of the host vehicle to the left side of the host
vehicle), so the arrival time interval of a sound from the sound
source between the sound collectors varies from a negative
value to a positive value or varies from a positive value to a
negative value. On the other hand, when a sound source is not
present in the same plane as the host vehicle, even when the
sound source approaches the host vehicle and then moves
away from the host vehicle in the transverse direction of the
host vehicle, the sound collector that a sound from the sound
source reaches first does not change in the middle (irrespec-
tive of the transverse positions of the sound collectors, it
always reaches the upper sound collector first when the sound
source is present above the host vehicle, and it always reaches
the lower sound collector first when the sound source is
present below the host vehicle), so the arrival time interval of
a sound from the sound source between the sound collectors
varies in a positive value or varies in a negative value. Then,
the vertical determination unit of the approaching vehicle
detecting system determines whether the vertical position of
the sound source is in the same plane as that of the host vehicle
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on the basis of a variation in the arrival time interval between
the sounds respectively collected by the sound collectors
located at different positions in the vertical direction and
different positions in the transverse direction. In this way, in
the approaching vehicle detecting system, by carrying out
determination on the basis of the variation in the sound arrival
time interval between the sound collectors located at different
positions in the vertical direction and different positions in the
transverse direction, it is possible to simply and highly accu-
rately determine whether the vertical position of the sound
source is in the same plane as that of the host vehicle.

In the approaching vehicle detecting system according to
the first aspect of the invention, the plurality of sound collec-
tors may include at least one pair of sound collectors located
at different positions in the vertical direction of the host
vehicle and at least one pair of sound collectors arranged at
different positions in the transverse direction of the host
vehicle.

In this approaching vehicle detecting system, the at least
one pair of sound collectors are arranged at difterent positions
in the vertical direction of the host vehicle, and a sound is
collected by each of the at least one pair of sound collectors
located at different positions in the vertical direction. Then,
the vertical determination unit of the approaching vehicle
detecting system is able to determine whether the vertical
position of the sound source is in the same plane as the host
vehicle by using the sound collected by each of the pair of
sound collectors located at different positions in the vertical
direction. In addition, in the approaching vehicle detecting
system, the at least one pair of sound collectors are located at
different positions in the transverse direction of the host
vehicle, and a sound is collected by each of the at least one
pair of sound collectors located at different positions in the
transverse direction. Then, the transverse determination unit
of the approaching vehicle detecting system is able to deter-
mine whether the transverse moving direction of the sound
source is the direction approaching the host vehicle by using
the sound collected by each of the at least one pair of sound
collectors located at different positions in the transverse
direction.

Note that, when the plurality of sound collectors include
the at least one pair of sound collectors located at different
positions in the vertical direction and the at least one pair of
sound collectors located at different positions in the trans-
verse direction, the at least one pair of sound collectors
located at different positions in the vertical direction and the
at least one pair of sound collectors located at different posi-
tions in the transverse direction may be formed of different
sound collectors, the at least one pair of sound collectors
located at different positions in the vertical direction and the
at least one pair of sound collectors located at different posi-
tions in the transverse direction may be formed of partially
shared sound collectors or the at least one pair of sound
collectors located at different positions in the vertical direc-
tion and the at least one pair of sound collectors located at
different positions in the transverse direction may be formed
of entirely shared sound collectors.

In the approaching vehicle detecting system according to
the first aspect of the invention, the at least one pair of upper
sound collector and lower sound collector located at different
positions in the vertical direction may be arranged at different
positions in a longitudinal direction of the host vehicle.

In this approaching vehicle detecting system, the at least
one pair of upper sound collector and lower sound collector
arranged at different positions in the vertical direction of the
host vehicle are arranged at different positions in the longi-
tudinal direction of the host vehicle. For example, the case
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where the upper sound collector is arranged on the front side
of the lower sound collector in the host vehicle will be dis-
cussed. When a sound source is present above and in front of
the host vehicle, in comparison with the case where the at
least one pair of sound collectors are arranged at the same
longitudinal position, a sound from the sound source reaches
the upper front sound collector earlier than the lower rear
sound collector, so the sound arrival time interval increases.
In this way, in the approaching vehicle detecting system, by
arranging the at least one pair of sound collectors, located at
different positions in the vertical direction, at different posi-
tions in the longitudinal direction, the sound arrival time
interval between the at least one pair of sound collectors
increases depending on the position of a sound source that is
not present in the same plane as the host vehicle, so the
capability of distinguishing sound sources in the vertical
direction improves. As a result, the distinguishing capability
may be ensured without arranging the at least one pair of
sound collectors with a large vertical space, so the design
flexibility may be ensured.

Note that, when the number of the pairs of sound collectors
located at different positions in the vertical direction is one,
the sound arrival time interval from a sound source above and
in front of the host vehicle and the sound arrival time interval
from a sound source below and behind the host vehicle
increase when the upper sound collector is arranged on the
front side of the lower sound collector; whereas the sound
arrival time interval from a sound source above and behind the
host vehicle and the sound arrival time interval from a sound
source below and in front of the host vehicle increase when
the lower sound collector is arranged on the front side of the
upper sound collector. In addition, when the number of the
pairs of sound collectors located at different positions in the
vertical direction is two, both the above two arrangements
may be implemented, so the sound arrival time interval from
a sound source at any position, which is not present in the
same plane as the host vehicle, may be increased.

A second aspect of the invention relates to an approaching
vehicle detecting method that detects an approaching vehicle
on the basis of sounds collected by a plurality of sound col-
lectors mounted on a host vehicle. The approaching vehicle
detecting method includes: determining whether a transverse
moving direction of a sound source detected using the plural-
ity of sound collectors is a direction approaching the host
vehicle; determining whether a vertical position of the sound
source detected using the plurality of sound collectors is in the
same plane as the host vehicle; and, when it is determined that
the transverse moving direction of the sound source is the
direction approaching the host vehicle and it is determined
that the vertical position of the sound source is in the same
plane as the host vehicle, detecting the sound source as the
approaching vehicle. The approaching vehicle detecting
method has similar operation and similar advantageous
effects to those of the approaching vehicle detecting system.

According to the aspects of the invention, by determining
whether the vertical position of the sound source is in the
same plane as the host vehicle in addition to the transverse
moving direction of the sound source, it is possible to detect
only an approaching vehicle in the same plane, which is likely
to collide with the host vehicle, so the detection accuracy of
an approaching vehicle improves.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the invention will be
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described below with reference to the accompanying draw-
ings, in which like numerals denote like elements, and
wherein:

FIG. 1 is a configuration diagram of an approaching
vehicle detecting system according to a first embodiment;

FIG. 2A and FIG. 2B are views that illustrate a sound
arrival time interval on the basis of arrangement of a pair of
sound collectors, in which FIG. 2A shows the case where the
pair of sound collectors are arranged in the vertical direction
and FIG. 2B shows the case where the pair of sound collectors
are arranged in the transverse direction;

FIG. 3A to FIG. 3D are arrangement views of sound col-
lectors in a sound collector array according to the first
embodiment, in which FIG. 3A shows an example in the case
of'three sound collectors, FIG. 3B shows another example in
the case of three sound collectors, FIG. 3C shows an example
in the case of four sound collectors and FIG. 3D shows an
example in the case where sound collectors are shared with
another system;

FIG. 4 is a flow chart that shows the flow of processes
executed by an ECU of the approaching vehicle detecting
system according to the first embodiment;

FIG. 5 is a configuration diagram of an approaching
vehicle detecting system according to a second embodiment;

FIG. 6A and FIG. 6B are arrangement views of sound
collectors of a sound collector array according to the second
embodiment, in which FIG. 6 A shows the case where a trans-
verse space is wide and FIG. 6B shows the case where a
vertical space is wide;

FIG.7Ato FIG. 7C are views that illustrate an approaching
vehicle detecting method according to the second embodi-
ment, in which FIG. 7A is a view that shows the moving
direction of a sound source, FIG. 7B is a view that shows a
temporal difference in sound arrival time interval in the case
where a sound source is present in the same plane as a host
vehicle and FIG. 7C is a view that shows a temporal variation
in sound arrival time interval in the case where a sound source
is not present in the same plane as the host vehicle;

FIG. 8 is a flow chart that shows the flow of processes
executed by an ECU of the approaching vehicle detecting
system according to the second embodiment;

FIG. 9 is an arrangement view of another example of sound
collectors of a sound collector array;

FIG. 10A and FIG. 10B are arrangement views of a pair of
upper and lower sound collectors in a sound collector array, in
which FIG. 10A shows the case where the upper and lower
sound collectors are located at different positions in the lon-
gitudinal direction and FIG. 10B shows the case where the
upper and lower sound collectors are located at the same
position in the longitudinal direction; and

FIG. 11 is an arrangement view of two pairs of upper and
lower sound collectors in a sound collector array.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of an approaching vehicle
detecting system and approaching vehicle detecting method
according to the aspect of the invention will be described with
reference to the accompanying drawings. Note that in the
drawings, like reference numerals denote the same or corre-
sponding elements in the drawings, and the overlap descrip-
tion is omitted.

In the present embodiments, the aspect of the invention is
applied to an approaching vehicle detecting system equipped
for a vehicle. The approaching vehicle detecting system
according to the present embodiments detects a vehicle that
approaches ahost vehicle (that is, identifies the moving direc-
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tion of a sound source, that is, the running sound of a sur-
rounding vehicle) on the basis of sounds respectively col-
lected by a plurality of (two or more) sound collectors
(microphones), and then provides information about the
approaching vehicle to a drive assist system. In the present
embodiments, a first embodiment in the case where the num-
ber of sound collectors is three or more and a second embodi-
ment in the case where the number of sound collectors is two
are described, and various arrangements of the plurality of
sound collectors are described.

Note that the running sound of a vehicle is mostly formed
of road noise (frictional noise between a tire surface and a
road surface) and pattern noise (turbulence (compression or
release) of air in a tire groove. The range of the frequency
component of the running sound of the vehicle may be mea-
sured by an experiment, or the like, in advance.

The approaching vehicle detecting system 1 according to
the first embodiment will be described with reference to FIG.
1 to FIG. 3D. FIG. 1 is a configuration diagram of the
approaching vehicle detecting system according to the first
embodiment. FIG. 2A and FIG. 2B are views that illustrate a
sound arrival time interval on the basis of arrangement of a
pair of sound collectors, in which FIG. 2A shows the case
where the pair of sound collectors are arranged in the vertical
direction and FIG. 2B shows the case where the pair of sound
collectors are arranged in the transverse direction. FIG. 3A to
FIG. 3D are arrangement views of sound collectors in a sound
collector array according to the first embodiment, in which
FIG. 3 A shows an example in the case of three sound collec-
tors, FIG. 3B shows another example in the case of three
sound collectors, FIG. 3C shows an example in the case of
four sound collectors and FIG. 3D shows an example in the
case where sound collectors are shared with another system.

The approaching vehicle detecting system 1A uses three or
more sound collectors to constitute a pair of sound collectors
located at different positions in the transverse direction (hori-
zontal direction) of the host vehicle and a pair of sound
collectors located at different positions in the vertical direc-
tion. Then, the approaching vehicle detecting system 1A
determines whether a sound source is, approaching in the
transverse direction on the basis of a sound arrival time inter-
val between the pair of sound collectors located at different
positions in the transverse direction and determines whether
the vertical position of the sound source is in the same plane
as the host vehicle on the basis of a sound arrival time interval
between the pair of sound collectors located at different posi-
tions in the vertical direction, and then detects the sound
source that approaches in the transverse direction in the same
plane as the host vehicle as an approaching vehicle.

The approaching vehicle detecting system 1A includes a
sound collector array 10A (sound collectors 11A, 12A and
13A) and an electronic control unit (ECU) 20A (a transverse
sound arrival time interval calculation unit 21, a vertical
sound arrival time interval calculation unit 22 and an
approaching vehicle detecting unit 23). In the first embodi-
ment, the process executed in the approaching vehicle detect-
ing unit 23 of the ECU 20A corresponds to a transverse
determination unit and a vertical determination unit accord-
ing to the aspect of the invention. Note that the configuration
diagram of FIG. 1 shows the case of three sound collectors.

The sound arrival time interval between a pair of sound
collectors located at different positions in the vertical direc-
tion and the sound arrival time interval between a pair of
sound collectors located at different positions in the trans-
verse direction will be described with reference to FIG. 2A
and FIG. 2B. FIG. 2A shows a pair of sound collectors formed
of an upper sound collector MU and a lower sound collector
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ML located at different positions in the vertical direction, and
shows a sound source SL present in the same plane right in
front of the host vehicle and a sound source SU present above.
When a sound from the sound source SL is collected by the
sound collector MU and the sound collector ML, the distance
between the sound collector MU and the sound source SL is
substantially equal to the distance between the sound collec-
tor ML and the sound source SL because the sound collector
MU and the sound collector ML are located at the position
having substantially the same level as the sound source SL, a
sound from the sound source SL reaches the sound collector
MU and the sound collector ML in substantially the same
period of time, so the sound arrival time interval between the
pair of sound collectors is extremely small. On the other hand,
when a sound from the sound source SU is collected by the
sound collector MU and the sound collector ML, the distance
between the sound collector MU and the sound source SU is
shorter than the distance between the sound collector ML and
the sound source SU because the sound collector MU and the
sound collector ML are located at significantly different lev-
els from the sound source SL, so a sound from the sound
source SL reaches the sound collector MU earlier than the
sound collector ML, and the sound arrival time interval
between the pair of sound collectors is large. This also applies
to the case where a sound source is present below. Thus, by
utilizing the pair of sound collectors located at different posi-
tions in the vertical direction, it is possible to distinguish
whether the sound source is present in the same plane as the
host vehicle or the sound source is present above or below the
host vehicle.

FIG. 2B shows a pair of sound collectors formed of a right
sound collector MR and a left sound collector MT located at
different positions in the transverse direction, and shows the
sound source SL present in the same plane right in front of the
host vehicle and the sound source SU present above. When a
sound from the sound source SL is collected by the sound
collector MU and the sound collector ML, the distance
between the sound collector MR and the sound source SL is
substantially equal to the distance between the sound collec-
tor MT and the sound source SL, so a sound from the sound
source SL reaches the sound collector MR and the sound
collector MT in substantially the same period of time, and the
sound arrival time interval between the pair of sound collec-
tors is significantly small. In addition, when a sound from the
sound source SU is collected by the sound collector MR and
the sound collector MT as well, because the distance between
the sound collector MR and the sound source SU is substan-
tially equal to the distance between the sound collector MT
and the sound source SU, so a sound from the sound source
SU reaches the sound collector MR and the sound collector
MT in substantially the same period of time, and the sound
arrival time interval between the pair of sound collectors is
also significantly small.

As can be understood from the above relationship, the pair
of sound collectors located at different positions in the verti-
cal direction are utilized to thereby make it possible to dis-
tinguish whether the sound source is located in the same plane
or the sound source is located above or below. In addition, the
pair of sound collectors located at different positions in the
transverse direction are utilized to thereby make it possible to
recognize the sound source that approaches in the transverse
direction as in the case of the existing art.

The sound collector array 10A has three or more sound
collectors 114, . ... Inthe sound collector array 10 A, the three
or more sound collectors 11A, . . . are used to constitute the
pair of sound collectors located at different positions in the
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transverse direction and the pair of sound collectors located at
different positions in the vertical direction.

An example of the sound collector array 10A will be
described with reference to FIG. 3A to FIG. 3D. In the case of
FIG. 3A, the three sound collectors 11A, 12A and 13 A are
arranged in a triangular shape. The sound collector 12A and
the sound collector 13A are arranged in the transverse direc-
tion (vehicle widthwise direction) at the positions having the
same level (lower positions) as the front end portion of the
host vehicle, the sound collector 12A is arranged at the right
side of the host vehicle, and the sound collector 13A is
arranged at the left side of the host vehicle. The sound col-
lector 11A is arranged at the center of the host vehicle in the
transverse direction at the level higher than those of the sound
collectors 12A and 13A arranged at the front end portion of
the host vehicle. In the case of this arrangement, a pair of
sound collectors formed of the sound collector 12A and the
sound collector 13A, the pair of sound collectors formed of
the sound collector 12A and the sound collector 11A and the
pair of sound collectors formed of the sound collector 13A
and the sound collector 11A each may be configured as the
pair of sound collectors located at different positions in the
transverse direction, and at least one pair of these three pairs
is used. In addition, a pair of sound collectors formed of the
sound collector 11A and the sound collector 12A and a pair of
sound collectors formed of the sound collector 11A and the
sound collector 13A each may be configured as the pair of
sound collectors located at different positions in the vertical
direction, and at least one pair of these two pairs is used. In
this case, the three sound collectors 11, 12A and 13A are
shared between the pair of transversely arranged sound col-
lectors and the pair of vertically arranged sound collectors.

In the case of FIG. 3B, the three sound collectors 11A, 12A
and 13 A are arranged in an L shape. The sound collector 12A
and the sound collector 13A are arranged in the transverse
direction at the positions having the same level (lower posi-
tions) as the front end portion of the host vehicle, the sound
collector 12A is arranged at the right side of the host vehicle,
and the sound collector 13A is arranged at the left side of the
host vehicle. The sound collector 11A is arranged at the same
position as the sound collector 12 A in the transverse direction
of the host vehicle at the level higher than those of the sound
collectors 12A and 13A arranged at the front end portion of
the host vehicle. In the case of this arrangement, a pair of
sound collectors formed of the sound collector 12A and the
sound collector 13A are used as the pair of sound collectors
located at different positions in the transverse direction. In
addition, a pair of sound collectors formed of the sound
collector 11 A and the sound collector 12 A are used as the pair
of sound collectors located at different positions in the verti-
cal direction. In this case, the sound collector 12A is shared
between the pair of transversely arranged sound collectors
and the pair of vertically arranged sound collectors.

In the case of FIG. 3C, the four sound collectors 11A, 12A,
13A and 14A are arranged in a cross shape. The sound col-
lector 12A and the sound collector 13A are arranged in the
transverse direction at the positions (intermediate positions)
having the same level as the front end portion of the host
vehicle, the sound collector 12A is arranged at the right side
of'the host vehicle, and the sound collector 13 A is arranged at
the left side of the host vehicle. The sound collector 11A and
the sound collector 14 A are arranged at the center position in
the transverse direction at the front end portion of the host
vehicle, the sound collector 11A is arranged at the position
having the level higher than those of the sound collectors 12A
and 13A, and the sound collector 14A is arranged at the
position having the level lower than those of the sound col-

10

20

25

30

35

40

45

50

55

60

65

10

lectors 12A and 13 A. In the case of this arrangement, a pair of
sound collectors formed of the sound collector 12A and the
sound collector 13A are used as the pair of sound collectors
located at different positions in the transverse direction. In
addition, a pair of sound collectors formed of the sound
collector 11 A and the sound collector 14A are used as the pair
of sound collectors located at different positions in the verti-
cal direction. In this case, the pair of transversely arranged
sound collectors and the pair of vertically arranged sound
collectors are independent of each other.

The sound collector may be shared with components uti-
lized in another system in consideration of cost, design, and
the like. For example, in the case of a clearance sonar, it is
applicable that the sonar usually utilizes an ultrasonic fre-
quency band but the sonar is configured such that the fre-
quency band is expanded to a range that sufficiently includes
the frequency band of the running sound of a vehicle and then
the sound collector may be shared with such expanded clear-
ance sonar. FIG. 3D shows the case where clearance sonars
15a, 155, 15¢ and 15d of which the frequency band is
expanded are utilized, and shows the case where the sound
collector 11A and the clearance sonars 15a, 155, 15¢ and 154
are arranged in a substantially triangular shape. The clearance
sonars 15a, 155, 15¢ and 154 are arranged in the transverse
direction at the positions (lower positions) having the same
level as the front end portion of the host vehicle, the clearance
sonars 15a and 155 are arranged at the right side, and the
clearance sonars 15¢ and 154 are arranged at the left side. The
sound collector 11A is arranged at the center in the transverse
direction of the host vehicle at the position having the level
higher than those of the clearance sonars 15a, 156, 15¢ and
154 at the front end portion of the host vehicle. In the case of
this arrangement, for example, a pair of the clearance sonar
154 and the clearance sonar 154, a pair of the clearance sonar
155 and the clearance sonar 15¢, or the like, are used as the
pair of sound collectors located at different positions in the
transverse direction. In addition, for example, a pair of the
sound collector 11 A and the clearance sonar 155, a pair of the
sound collector 11 A and the clearance sonar 15¢, or the like,
are used as the pair of sound collectors located at different
positions in the vertical direction.

The detection capability for a sound in the transverse direc-
tion depends on the space between the pair of sound collectors
located at different positions in the transverse direction, and
the maximum detectable distance (spatial resolution) in the
transverse direction increases as the space increases. In addi-
tion, the detection capability for a sound in the vertical direc-
tion depends on the space between the pair of sound collectors
located at different positions in the vertical direction, and the
vertical distinguishing capability (the capability of distin-
guishing whether a sound source is above or below or in the
same plane against noise) or the maximum detectable dis-
tance increases as the space increases.

Each of the sound collectors 11A, . . . is a nondirectional
sound collector, and collects an ambient sound outside the
vehicle. Each of the sound collectors 11A, . . . is an acoustic-
electric converter, converts a collected sound to an electric
signal, and transmits the electric signal to the ECU 20A.

The ECU 20A is an electronic control unit formed of a
central processing unit (CPU), a read only memory (ROM), a
random access memory (RAM), and the like, and compre-
hensively controls the approaching vehicle detecting system
1A. In the ECU 20A, an approaching vehicle detecting appli-
cation stored in the ROM is loaded onto the RAM and is
executed by the CPU to thereby implement the transverse
sound arrival time interval calculation unit 21, the vertical
sound arrival time interval calculation unit 22 and the
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approaching vehicle detecting unit 23. Then, in the ECU 20A,
electric signals are respectively input from the three or more
sound collectors 114, .. ., and the electric signals are used to
execute processings in the processing units 21, 22 and 23 at
set time intervals.

The transverse sound arrival time interval calculation unit
21 calculates a sound arrival time interval from the cross
correlation between the electric signals of the pair of sound
collectors located at different positions in the transverse
direction. The vertical sound arrival time interval calculation
unit 22 calculates a sound arrival time interval from the cross
correlation between the electric signals of the pair of sound
collectors located at different positions in the vertical direc-
tion. At this time, it is desirable that sound arrival time inter-
vals are calculated for only the sound source having a fre-
quency component corresponding to the running sound of a
vehicle.

A method of calculating a sound arrival time interval is, for
example, such that a signal in a set period of time is extracted
from the electric signal of one of the sound collectors and a
signal in the set period of time is extracted from the electric
signal of the other one of the sound collectors, the cross
correlation value is sequentially calculated while shifting the
extracting period of time and a time interval at which the cross
correlation value is larger than or equal to a threshold (that is,
the waveforms ofthe two electric signals of which the extract-
ing period of time is shifted are similar to each other) is
determined as a sound arrival time interval. Note that the
calculated sound arrival time interval may be a positive value
or may be a negative value. The calculated sound arrival time
interval becomes a positive value or a negative value depend-
ing on the arrangement of the pair of sound collectors, a sound
arrival time interval calculated with reference to which one of
the pair of sound collectors and the position of a sound source.

The approaching vehicle detecting unit 23 determines
whether the absolute value of the sound arrival time interval
between the pair of sound collectors located at different posi-
tions in the transverse direction is smaller than a threshold
(for transverse approach determination). The threshold (for
transverse approach determination) is a threshold for deter-
mining whether a sound source is approaching on the basis of
the sound arrival time interval between the pair of trans-
versely arranged sound collectors, and is set in advance by an
experiment, or the like. The approaching vehicle detecting
unit 23 determines that the sound source is approaching in the
transverse direction when the absolute value of the sound
arrival time interval between the pair of transversely arranged
sound collectors reduces and the absolute value of the sound
arrival time interval is smaller than the threshold (for trans-
verse approach determination). On the other hand, the
approaching vehicle detecting unit 23 determines that the
sound source is not approaching in the transverse direction
and determines that there is no approaching vehicle when the
absolute value of the sound arrival time interval between the
pair of transversely arranged sound collectors is larger than or
equal to the threshold (for transverse approach determina-
tion). Inthis case, when the absolute value of the sound arrival
time interval is small but the absolute value of the sound
arrival time interval is larger than or equal to the threshold (for
transverse approach determination), the sound source is
approaching in the transverse direction but the sound source
is not close to the host vehicle such that a collision is likely to
occur. In addition, the approaching vehicle detecting unit 23
determines that the sound source is remote from the host
vehicle in the transverse direction when the absolute value of
the sound arrival time interval between the pair of trans-
versely arranged sound collectors becomes smaller than the

10

15

20

25

30

35

40

45

50

55

60

65

12

threshold (for transverse approach determination) and then
the absolute value of the sound arrival time interval increases.

When it is determined that the sound source is approaching
in the transverse direction, the approaching vehicle detecting
unit 23 determines whether the absolute value of the sound
arrival time interval between the pair of sound collectors
located at different positions in the vertical direction is
smaller than a threshold (for vertical approach determina-
tion). The threshold (for vertical approach determination) is a
threshold for determining whether the sound source is in the
same plane on the basis of the sound arrival time interval
between the pair of vertically arranged sound collectors, and
is set in advance by an experiment, or the like. The approach-
ing vehicle detecting unit 23 determines that the sound source
is in the same plane and determines the sound source as an
approaching vehicle in the same plane when the absolute
value of the sound arrival time interval between the pair of
vertically arranged sound collectors is smaller than the
threshold (for vertical approach determination). Only in this
case, the sound source is detected as an approaching vehicle
to the host vehicle. On the other hand, the approaching
vehicle detecting unit 23 determines that the sound source is
not in the same plane and determine that the sound source is
an approaching vehicle above the host vehicle (on an elevated
road) or below the host vehicle when the absolute value of the
sound arrival time interval between the pair of vertically
arranged sound collectors is larger than or equal to the thresh-
old (for vertical approach determination).

Then, the ECU 20A generates approaching vehicle infor-
mation on the basis of the results determined by the approach-
ing vehicle detecting unit 23, and transmits the approaching
vehicle information to a drive assist system 2. The approach-
ing vehicle information is, for example, information about
whether there is an approaching vehicle and, when there is an
approaching vehicle, the approaching direction and relative
distance to the host vehicle. Note that the case where there is
an approaching vehicle is the case where there is a sound
source (vehicle) that approaches in the transverse direction in
the same plane as the host vehicle.

The drive assist system 2 is a system that assists a driver in
various driving operations. Particularly, the drive assist sys-
tem 2 carries out drive assist in association with an approach-
ing vehicle at set time intervals as the drive assist system 2
receives approaching vehicle information from the approach-
ing vehicle detecting system 1A. For example, when there is
a vehicle that approaches the host vehicle, it is determined
whether the approaching vehicle is likely to collide with the
host vehicle, and, when it is determined that the approaching
vehicle is likely to collide with the host vehicle, an alarm is
issued to the driver or information about the approaching
vehicle is provided to the driver, and, furthermore, vehicle
control, such as automatic braking, is carried out when the
likelihood of the collision increases.

Next, the operation of the approaching vehicle detecting
system 1A will be described with reference to FIG. 1 to FIG.
3D. Particularly, the processes executed in the ECU 20A will
be described with reference to the flow chart shown in FIG. 4.
FIG. 4 is a flow chart that shows the flow of processes
executed by the ECU of the approaching vehicle detecting
system according to the first embodiment. Here, the case
where the three sound collectors 11A, 12A and 13A are
provided, the pair of sound collectors located at different
positions in the transverse direction are formed of the sound
collector 12A and the sound collector 13A and the pair of
sound collectors located at different positions in the vertical
direction are formed of the sound collector 11 A and the sound
collector 12A will be described.
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Each ofthe sound collectors 11A, 12A and 13 A collects an
ambient sound outside the vehicle, converts the collected
sound to an electric signal and transmits the electric signal to
the ECU 20A. The ECU 20A inputs the electric signals.

The ECU 20A uses the electric signal of the sound collector
12A and the electric signal of the sound collector 13A to
calculate a transverse sound arrival time interval at set time
intervals (S10).

Then, the ECU 20A determines whether the absolute value
of'the transverse sound arrival time interval is smaller than the
threshold (for transverse approach determination) (S11).
When it is determined in S11 that the absolute value of the
transverse sound arrival time interval is larger than or equal to
the threshold (for transverse approach determination), the
ECU 20A determines that no approaching vehicle is detected
(S14).

When it is determined in S11 that the absolute value of the
transverse sound arrival time interval is smaller than the
threshold (for transverse approach determination), it is deter-
mined that the sound source approaches in the transverse
direction of the host vehicle, and the ECU 20A uses the
electric signal of the sound collector 11A and the electric
signal of the sound collector 12A to calculate a vertical sound
arrival time interval (S12). Then, the ECU 20A determines
whether the absolute value of the vertical sound arrival time
interval is smaller than the threshold (for vertical approach
determination) (S13). When it is determined in S13 that the
absolute value of the vertical sound arrival time interval is
smaller than the threshold (for vertical approach determina-
tion), the ECU 20A determines that the sound source that
approaches in the transverse direction of the host vehicle is in
the same plane as the host vehicle (S15), and detects the sound
source as the approaching vehicle to the host vehicle (516).
When it is determined in S13 that the absolute value of the
vertical sound arrival time interval is larger than or equal to
the threshold (for vertical approach determination), the ECU
20A determines that the sound source that approaches in the
transverse direction of the host vehicle is not in the same plane
as the host vehicle (S17), and determines the sound source as
the approaching vehicle above the host vehicle (on an
elevated road) or below the host vehicle.

The ECU 20A generates approaching vehicle information
on the basis of the above described determination results, and
transmits the approaching vehicle information to the drive
assist system 2. The ECU 20A repeats the above described
processes.

With the approaching vehicle detecting system 1A, the
three or more sound collectors are used to form the pair of
transversely arranged sound collectors and the pair of verti-
cally arranged sound collectors, the sound arrival time inter-
val between the pair of transversely arranged sound collectors
is utilized to determine whether a sound source is approach-
ing in the transverse direction and the sound arrival time
interval between the pair of vertically arranged sound collec-
tors is utilized to determine whether the sound source is in the
same plane as the host vehicle. By so doing, it is possible to
detect only an approaching vehicle in the same plane, which
is likely to collide with the host vehicle, so the detection
accuracy of an approaching vehicle improves. As a result, it is
possible to suppress an unnecessary alarm output, or the like,
against an approaching vehicle that is not in the same plane as
the host vehicle, so the reliability of drive assist improves.

An approaching vehicle detecting system 1B according to
a second embodiment will be described with reference to
FIG. 5 to FIG. 7C. FIG. 5 is a configuration diagram of the
approaching vehicle detecting system according to the sec-
ond embodiment. FIG. 6A and FIG. 6B are arrangement
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views of sound collectors of a sound collector array according
to the second embodiment, in which FIG. 6 A shows the case
where a transverse space is wide and FIG. 6B shows the case
where a vertical space is wide. FIG. 7A to FIG. 7C are views
that illustrate an approaching vehicle detecting method
according to the second embodiment, in which FIG. 7Ais a
view that shows the moving direction of a sound source, F1G.
7B is a graph that shows a temporal difference in sound arrival
time interval in the case where a sound source is present in the
same plane as a host vehicle and FIG. 7C is a graph that shows
a temporal variation in sound arrival time interval in the case
where a sound source is not present in the same plane as the
host vehicle.

The approaching vehicle detecting system 1B uses two
sound collectors to constitute a pair of sound collectors
located at different positions in the transverse direction of the
host vehicle and a pair of sound collectors located at different
positions in the vertical direction of the host vehicle. Then, the
approaching vehicle detecting system 1B determines whether
a sound source is approaching in the transverse direction on
the basis of a temporal variation in the sound arrival time
interval between the two sound collectors, determines
whether the vertical position of the sound source is in the
same plane as the host vehicle, and detects a sound source that
approaches in the transverse direction in the same plane as the
host vehicle as an approaching vehicle.

The approaching vehicle detecting system 1B includes a
sound collector array 10B (sound collectors 11B and 12B)
and an ECU 20B (a sound arrival time interval calculation
unit 24 and an approaching vehicle detecting unit 25). In the
second embodiment, the process executed by the approaching
vehicle detecting unit 25 of the ECU 20B corresponds to the
transverse determination unit and the vertical determination
unit according to the aspect of the invention.

The sound collector array 10B has the two sound collectors
11B and 12B. In the sound collector array 10B, the two sound
collectors 11B and 12B are used to constitute the pair of
sound collectors located at different positions in the trans-
verse direction and the pair of sound collectors located at
different positions in the vertical direction.

The sound collector 11B is arranged at the right side in the
transverse direction at the front end portion of the host
vehicle. The sound collector 12B is arranged at the left side in
the transverse direction at the front end portion of the host
vehicle. The sound collector 11B is arranged above the sound
collector 12B. By this arrangement, the sound collector 11B
and the sound collector 12B constitute the pair of sound
collectors located at different positions in the transverse
direction and the pair of sound collectors located at different
positions in the vertical direction.

The sound collector 11B and the sound collector 12B may
be arranged such that the vertical space H1 between the sound
collector 11B and the sound collector 12B is smaller than the
transverse space W1 between the sound collector 11B and the
sound collector 12B as shown in FIG. 6 A or may be arranged
such that the vertical space H2 between the sound collector
11B and the sound collector 12B is larger than the transverse
space W2 between the sound collector 11B and the sound
collector 12B as shown in FIG. 6B. In addition, the transverse
space may be equal to the vertical space. In addition, the
transverse space and the vertical space may be increased as
much as possible.

A temporal variation in the sound arrival time interval
between the sound collector 11B and the sound collector 12B
arranged as described above will be described with reference
to FIG. 7A to FIG. 7C. Here, the case where a sound source S
moves from the right side of the host vehicle to the left side
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and approaches from the right side to the host vehicle as
shown in FIG. 7A will be described. In addition, this is the
case where a sound arrival time interval is calculated with
reference to the left sound collector 12B.

FIG. 7B shows a temporal variation PC in the sound arrival
time interval in the case where the sound source S is present
in the same plane as the host vehicle. In this case, because the
sound source S is present in the same plane as the host vehicle,
there is almost no difference between a period of time during
which a sound from the sound source S reaches the sound
collector 11B and a period of time during which a sound from
the sound source S reaches the sound collector 12B because
of a difference in vertical position between the sound collec-
tor 11B and the sound collector 12B, but there occurs a
difference between a period of time during which a sound
from the sound source S reaches the sound collector 11B and
a period of time during which a sound from the sound source
S reaches the sound collector 12B because of a difference in
transverse position between the sound collector 11B and the
sound collector 12B. Thus, while the sound source S moves
from the right side of the host vehicle to the right ahead of the
host vehicle, a sound from the sound source S reaches the
right sound collector 11B first, so the negative sound arrival
time interval approaches O (the absolute value of the sound
arrival time interval reduces). At this time, the absolute value
of'the sound arrival time interval continues to reduce without
changing a variation in the absolute value of the sound arrival
time interval (the rate of reduction in the sound arrival time
interval does not decrease) in the region indicated by the sign
PC1, and the absolute value of the sound arrival time interval
is smaller than a threshold in the region indicated by the sign
PC2. Finally, when the sound source S passes through the
right ahead of the host vehicle, a sound from the sound source
S reaches the sound collector 11B and the sound collector
12B simultaneously, so the sound arrival time interval is O.
Furthermore, while the sound source S is moving from the
right ahead of the host vehicle to the left side, a sound from the
sound source S reaches the left sound collector 12B first, so
the sound arrival time interval is a positive value, and the
positive sound arrival time interval increases.

FIG. 7C shows a temporal variation VC in sound arrival
time interval in the case where the sound source S is not
present in the same plane as the host vehicle (the sound source
S is present above the host vehicle). In this case, because the
sound source S is present above the host vehicle, a sound from
the sound source S constantly reaches the upper sound col-
lector 11B first because of a difference in vertical position
between the sound collector 11B and the sound collector 12B,
and there is a difference between a period of time during
which a sound from the sound source S reaches the sound
collector 11B and a period of time during which a sound from
the sound source S reaches the sound collector 12B because
of a difference in vertical position between the sound collec-
tor 11B and the sound collector 12B in addition to a difference
in transverse position between the sound collector 11B and
the sound collector 12B. Thus, while the sound source S is
moving from the right side of the host vehicle to the right
ahead of the host vehicle, a sound from the sound source S
reaches the right sound collector 11B first. In addition,
because the sound collector 11B is located on the upper side,
a sound from the sound source S reaches earlier. Therefore, as
shown in the region indicated by the sign VC1; a variation at
which the absolute value of the sound arrival time interval
reduces gradually decreases (the rate of reduction in the
sound arrival time interval decreases). Finally, even when the
sound source S passes through the right ahead of the host
vehicle in the transverse direction of the host vehicle, a sound
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from the sound source S reaches the right sound collector 11B
first, and the sound arrival time interval remains in a negative
value. At this time, as shown in the region indicated by the
sign VC2, the rate of reduction in the absolute value of the
sound arrival time interval becomes 0 without bringing the
absolute value of the sound arrival time interval below the
threshold, and then the absolute value of the sound arrival
time interval begins to increase. Furthermore, even while the
sound source S is moving from the right ahead of the host
vehicle to the left side in the transverse direction of the host
vehicle, a sound from the sound source S reaches the right
sound collector 11B first, the negative sound arrival time
interval varies, and the absolute value of the sound arrival
time interval increases. Such a characteristic of a temporal
variation in sound arrival time interval also applies to the case
where a sound source is present below the host vehicle.

When the sound source is not present in the same plane as
the host vehicle, as the vertical space between the sound
collector 11B and the sound collector 12B increases, the
absolute value of the sound arrival time interval is hard to
reduce even when the sound source approaches in the trans-
verse direction, and the above described characteristic
becomes remarkable. Particularly, in order to improve distin-
guishing capability against a far sound source, the vertical
space between the sound collector 11B and the sound collec-
tor 12B is desirably larger.

From the above described characteristic of a temporal
variation in sound arrival time interval, when the absolute
value of the sound arrival time interval reduces and then
increases with the same sign of the sound arrival time interval,
it may be determined that the sound source is not present in
the same plane as the host vehicle. On the other hand, when
the absolute value of the sound arrival time interval reduces
and then increases with the inversion of the sign of the sound
arrival time interval (when the absolute value of the sound
arrival time interval becomes smaller than the threshold), it
may be determined that the sound source is present in the
same plane as the host vehicle.

The ECU 20B is an electronic control unit formed of a
CPU, a ROM, a RAM, and the like, and comprehensively
controls the approaching vehicle detecting system 1B. In the
ECU 20B, an approaching vehicle detecting application
stored in the ROM is loaded onto the RAM and is executed by
the CPU to thereby implement the sound arrival time interval
calculation unit 24 and the approaching vehicle detecting unit
25. Then, in the ECU 20B, electric signals are respectively
input from the two sound collectors 11B and 12B, and the
electric signals are used to execute processings in the pro-
cessing units 24 and 25 at set time intervals.

The sound arrival time interval calculation unit 24 calcu-
lates a sound arrival time interval from the cross correlation
between the electric signal of the sound collector. 11B and the
electric signal of the sound collector 12B. At this time, it is
desirable that a sound arrival time interval is calculated for
only the sound source having a frequency component corre-
sponding to the running sound of a vehicle.

The approaching vehicle detecting unit 25 calculates a
variation in the sound arrival time interval Ats (=Its(t)|-Its(t—
1)) using a current sound arrival time interval ts(t) and a
previous sound arrival time interval ts(t-1) each time the
sound arrival time interval ts(t) is calculated at set time inter-
vals. Then, the approaching vehicle detecting unit 25 deter-
mines whether the variation in the sound arrival time interval
Ats is smaller than 0. When the variation in the sound arrival
time interval Ats is smaller than 0, the absolute value of the
sound arrival time interval is reduced, so the approaching
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vehicle detecting unit 25 determines that the sound source is
approaching in the transverse direction of the host vehicle.

When it is determined that the sound source is approaching
in the transverse direction, the approaching vehicle detecting
unit 23 determines whether the absolute value of the current
sound arrival time interval ts(t) is smaller than the threshold.
The threshold is a threshold for determining whether a sound
source is in the same plane from the sound arrival time inter-
val, and is set in advance by an experiment, or the like. When
the absolute value of the sound arrival time interval ts(t) is
smaller than the threshold, the approaching vehicle detecting
unit 25 determines that the sound source is in the same plane,
and determines that there is an approaching vehicle in the
same plane. On the other hand, when the variation in the
sound arrival time interval Ats becomes larger than or equal to
0 without bringing the absolute value of the sound arrival time
interval ts(t) below the threshold, the absolute value of the
sound arrival time interval increases before it becomes below
the threshold (before the sign of the sound arrival time inter-
val changes), so the approaching vehicle detecting unit 25
determines that the sound source is not in the same plane, and
determines that an approaching vehicle is present above the
host vehicle (on an elevated road) or below the host vehicle.

Then, the ECU 20B generates approaching vehicle infor-
mation on the basis of the results determined by the approach-
ing vehicle detecting unit 25, and transmits the approaching
vehicle information to the drive assist system 2.

Next, the operation of the approaching vehicle detecting
system 1B will be described with reference to FIG. 5 to FIG.
7C. Particularly, the processes executed in the ECU 20B will
be described with reference to the flow chart shown in FIG. 8.
FIG. 8 is a flow chart that shows the flow of processes
executed by the ECU of the approaching vehicle detecting
system according to the second embodiment. Note that, in the
processes executed by the ECU 20B, flag_approach is used as
a control flag. The flag_approach is set at 1 when the sound
source is approaching in the transverse direction of the host
vehicle, and is set at 0 when no sound source is approaching.

Each of the sound collectors 11B and 12B collects an
ambient sound outside the vehicle, converts the collected
sound to an electric signal and transmits the electric signal to
the ECU 20B. The ECU 20B inputs the electric signals.

The ECU 20B first initializes the flag_approach to 0 (S20).

The ECU 20B uses the electric signal of the sound collector
11B and the electric signal of the sound collector 12B to
calculate a current sound arrival time interval ts(t) at set time
intervals (S21). Then, the ECU 20B uses the current sound
arrival time interval ts(t) and the sound arrival time interval
ts(t-1) calculated at the previous time to calculate a temporal
variation Ats (=Its(t)|-Its(t—1)!) in sound arrival time interval
(S22). Furthermore, the ECU 20B determines whether the
temporal variation Ats in sound arrival time interval is smaller
than 0 (S23).

When it is determined in S23 that the temporal variation
Ats in sound arrival time interval is smaller than O (when the
absolute value of the sound arrival time interval is small), the
ECU 20B sets the flag_approach at 1 (S24), and determines
that the sound source is approaching in the transverse direc-
tion (S25). Furthermore, the ECU 20B determines whether
the absolute value of the current sound arrival time interval
[ts(t)| is smaller than the threshold (S26).

When it is determined in S26 that the absolute value of the
current sound arrival time interval [ts(t)| is smaller than the
threshold (when the absolute value of the sound arrival time
interval is sufficiently small), the ECU 20B determines that
the approaching sound source is in the same plane as the host
vehicle (S29), and detects the sound source as an approaching
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vehicle to the host vehicle (S30). On the other hand, when it
is determined in S26 that the absolute value of the current
sound arrival time interval Its(t)! is larger than or equal to the
threshold, the ECU 20B returns the process to S21, and
executes the next processing after a set period of time.

When it is determined in S23 that the temporal variation
Ats in sound arrival time interval is larger than or equal to O,
the ECU 20B determines whether the flag_approach is 1 and
the temporal variation Ats in sound arrival time interval is
larger than or equal to 0 (S27). When any one of the condi-
tions is not satisfied in S27, the ECU 20B determines that no
approaching vehicle is detected (S28).

When all the conditions are satisfied in S27 (when the
absolute value of the sound arrival time interval is increased
without being sufficiently reduced), the ECU 20B determines
that the approaching sound source is not in the same plane as
the host vehicle (S31), and it is determined that the sound
source is an approaching vehicle above the host vehicle (on an
elevated road) or below the host vehicle (S32).

The ECU 20B generates approaching vehicle information
on the basis of'the above described determination results, and
transmits the approaching vehicle information to the drive
assist system 2. The ECU 20B repeats the above described
processes.

With the approaching vehicle detecting system 1B, the two
sound collectors are used to form the pair of transversely
arranged sound collectors and the pair of vertically arranged
sound collectors, and the temporal variation in the sound
arrival time interval between the two sound collectors is uti-
lized to determine whether the sound source is approaching in
the transverse direction and the sound source is in the same
plane as the host vehicle. By so doing, it is possible to detect
only an approaching vehicle in the same plane, which is likely
to collide with the host vehicle, using a minimum number of
the sound collectors, so the detection accuracy of an
approaching vehicle improves. Particularly, this configura-
tion may be implemented by a minimum number of the sound
collectors, so cost may be reduced.

Hereinafter, various arrangements of a plurality of sound
collectors that constitute a pair of sound collectors located at
different positions in the vertical direction will be described.

Inthe case of an example shown in FIG. 9, the upper sound
collector MU and the lower sound collector ML that consti-
tute a pair of sound collectors located at different positions in
the vertical direction are arranged at the upper end and the
lower end in the vertical range of the body of the vehicle. In
the case of the above arrangement, the detection capability for
a sound in the vertical direction may be maximized, and the
capability of distinguishing a sound source in the vertical
direction and the maximum detectable distance are maxi-
mized.

In many cases, a vehicle that approaches in the transverse
direction on an elevated road ahead of the host vehicle is
erroneously detected as an approaching vehicle. Thus, it is
important to distinguish a sound source in the transverse
direction above and in front of the host vehicle and a sound
source in the transverse direction in the same plane ahead of
the host vehicle from each other. However, an installation
position of a sound collector on the vehicle is mostly limited
because of restrictions on design, structure and cost of the
vehicle, and a pair of sound collectors may not be arranged
with a large vertical space. Then, as shown in FIG. 10A, the
upper sound collector MU and the lower sound collector ML,
that constitute the pair of sound collectors located at different
positions in the vertical direction are arranged such that the
upper sound collector MU is arranged on the front side of the
lower sound collector ML in the longitudinal direction of the
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host vehicle. In the case of the above arrangement, when a
sound source SUF is present above and in front of the host
vehicle, in comparison with the case where the upper sound
collector MU and the lower sound collector ML are arranged
at the same position in the longitudinal direction of the host
vehicle as shown in FIG. 10B, a sound reaches the upper
sound collector MU first, and the sound arrival time interval
between the sound collector MU and the sound collector ML
increases. As a result, the capability of distinguishing a sound
source in the transverse direction above and in front of the
host vehicle and a sound source in the transverse direction in
the same plane ahead of the host vehicle from each other
improves. Thus, when the vehicle has a limited vertical range
in which sound collectors may be arranged, by arranging the
sound collectors at positions shifted in the longitudinal direc-
tion, the vertical space between the sound collectors may be
reduced while ensuring the capability of distinguishing a
sound source in the vertical direction to a certain extent, so the
flexibility of vehicle development, manufacturing and design
increases. Incidentally, in the case of the above arrangement,
when a sound source SUR is present above and behind the
host vehicle, in comparison with the case where the upper
sound collector MU and the lower sound collector ML are
arranged at the same position in the longitudinal direction of
the host vehicle, the sound arrival time interval between the
sound collector MU and the sound collector ML reduces.

In order to obtain similar advantageous effects against not
only a sound source above and in front of the host vehicle but
also a sound source below and in front of the host vehicle,
three sound collectors are arranged in the vertical direction to
constitute two pairs of sound collectors. As shown in FIG. 11,
the three sound collectors MU, MM and ML arranged in the
vertical direction are used, the upper sound collector MU is
arranged on the front side of the intermediate sound collector
MM in the longitudinal direction of the host vehicle, and the
lower sound collector ML is arranged on the front side of the
intermediate sound collector MM in the longitudinal direc-
tion of the host vehicle. In the case of the above arrangement,
for a sound source SUF above and in front of the host vehicle
and a sound source SLR below and behind the host vehicle,
the sound arrival time interval between the sound collector
MU and the sound collector MM increases, so, when the pair
of sound collectors formed of the sound collector MU and the
sound collector MM are used, the capability of distinguishing
a sound source in the vertical direction increases. On the other
hand, for a sound source SLF below and in front of the host
vehicle and a sound source SUR above and behind the host
vehicle, the sound arrival time interval between the sound
collector ML and the sound collector MM increases, so, when
the pair of sound collectors formed of the sound collector ML,
and the sound collector MM are used, the capability of dis-
tinguishing a sound source in the vertical direction increases.

The embodiments according to the aspect of the invention
are described above; however, the aspect of the invention is
not limited to the above embodiments but it may be modified
into various alternative embodiments.

For example, in the present embodiments, the aspect of the
invention is applied to an approaching vehicle detecting sys-
tem that is equipped for a vehicle and that provides detected
approaching vehicle information to a drive assist system;
instead, the configuration of the approaching vehicle detect-
ing system may be another configuration. For example, the
aspect of the invention may be assembled into a drive assist
system as an approaching vehicle detecting function or an
approaching vehicle detecting system may have an alarm
function.
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In addition, in the present embodiments, the pair of right
and left sound collectors and the pair of upper and lower
sound collectors are arranged at the front end portion of the
host vehicle in order to mainly detect an approaching vehicle
ahead of the host vehicle; instead, the pair of upper and lower
sound collectors and the pair of right and left sound collectors
may be arranged at the rear end portion of the host vehicle in
order to mainly detect an approaching vehicle behind the host
vehicle.

In addition, in the present embodiment, some examples of
the number of sound collectors and the arrangement positions
of the sound collectors for arrangement of the pair of upper
and lower sound collectors and the pair of right and left sound
collectors are described; instead, as long as at least a pair of
sound collectors located at different positions in the vertical
direction and a pair of sound collectors located at different
positions in the transverse direction are provided, other vari-
ous configurations may be applied to the number of sound
collectors and the arrangement positions of the sound collec-
tors.

The invention claimed is:

1. An approaching vehicle detecting system that detects an
approaching vehicle on the basis of sounds collected by a
plurality of sound collectors mounted on a host vehicle, com-
prising:

a transverse determination unit configured to determine
whether a transverse moving direction in a vehicle
widthwise direction of a sound source detected using the
plurality of sound collectors is a direction approaching
the host vehicle; and

a vertical determination unit configured to determine
whether a vertical position of the sound source detected
using the plurality of sound collectors is in the same
plane as that of the host vehicle, wherein

when the transverse determination unit determines that the
transverse moving direction of the sound source is the
direction approaching the host vehicle and the vertical
determination unit determines that the vertical position
ofthe sound source is in the same plane as that of the host
vehicle, the sound source is detected as the approaching
vehicle.

2. The approaching vehicle detecting system according to
claim 1, wherein the vertical determination unit determines
that the vertical position of the sound source is in the same
plane as that of the host vehicle when an arrival time interval
between sounds respectively collected by the sound collec-
tors arranged at different positions in the vertical direction of
the host vehicle is smaller than or equal to a threshold.

3. The approaching vehicle detecting system according to
claim 1, wherein the vertical determination unit determines
whether the vertical position of the sound source is in the
same plane as that of the host vehicle on the basis of a
variation in an arrival time interval between sounds respec-
tively collected by the sound collectors arranged at different
positions in the vertical direction of the host vehicle and
different positions in the transverse direction of the host
vehicle.

4. The approaching vehicle detecting system according to
claim 1, wherein the plurality of sound collectors include at
least one pair of sound collectors arranged at different posi-
tions in the vertical direction of the host vehicle and at least
one pair of sound collectors arranged at different positions in
the transverse direction of the host vehicle.

5. The approaching vehicle detecting system according to
claim 4, wherein the at least one pair of upper sound collector
and lower sound collector located at different positions in the
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vertical direction are arranged at different positions in a lon-
gitudinal direction of the host vehicle.

6. The approaching vehicle detecting system according to
claim 5, wherein the at least one pair of upper sound collector
and lower sound collector located at different positions in the
vertical direction are arranged such that the upper sound
collector is arranged on a front side of the lower sound col-
lector with respect to the host vehicle.

7. The approaching vehicle detecting system according to
claim 5, wherein the at least one pair of upper sound collector
and lower sound collector located at different positions in the
vertical direction are arranged such that the lower sound
collector is arranged on a front side of the upper sound col-
lector with respect to the host vehicle.

8. The approaching vehicle detecting system according to
claim 5, wherein the at least one pair of upper sound collector
and lower sound collector comprises three sound collectors
located at different positions in the vertical direction to con-
stitute two pairs of sound collectors including a pair of sound
collectors in which the upper sound collector is arranged on a
front side of the lower sound collector with respect to the host
vehicle and a pair of sound collectors in which the lower
sound collector is arranged on the front side of the upper
sound collector with respect to the host vehicle.

9. The approaching vehicle detecting system according to
claim 4, wherein the at least one pair of sound collectors
located at different positions in the vertical direction and the
at least one pair of sound collectors located at different posi-
tions in the transverse direction are formed of different sound
collectors.

10. The approaching vehicle detecting system according to
claim 4, wherein the at least one pair of sound collectors
located at different positions in the vertical direction and the
at least one pair of sound collectors located at different posi-
tions in the transverse direction are formed of sound collec-
tors that are partially shared between the at least one pair of
sound collectors located at different positions in the vertical
direction and the at least one pair of sound collectors located
at different positions in the transverse direction.

11. The approaching vehicle detecting system according to
claim 4, wherein the at least one pair of sound collectors
located at different positions in the vertical direction and the
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at least one pair of sound collectors located at different posi-
tions in the transverse direction are formed of sound collec-
tors that are entirely shared between the at least one pair of
sound collectors located at different positions in the vertical
direction and the at least one pair of sound collectors located
at different positions in the transverse direction.

12. An approaching vehicle detecting method that detects
an approaching vehicle on the basis of sounds collected by a
plurality of sound collectors mounted on a host vehicle, com-
prising:

determining whether a transverse moving direction in a

vehicle widthwise direction of a sound source detected
using the plurality of sound collectors is a direction
approaching the host vehicle;

determining whether a vertical position of the sound source
detected using the plurality of sound collectors is in the
same plane as that of the host vehicle; and

when it is determined that the transverse moving direction
of the sound source is the direction approaching the host
vehicle and it is determined that the vertical position of
the sound source is in the same plane as that of the host
vehicle, detecting the sound source as the approaching
vehicle.

13. The approaching vehicle detecting method according
to claim 12, wherein it is determined that the vertical position
of the sound source is in the same plane as that of the host
vehicle when an arrival time interval between sounds respec-
tively collected by the sound collectors arranged at different
positions in the vertical direction of the host vehicle is smaller
than or equal to a threshold.

14. The approaching vehicle detecting method according
to claim 12, wherein it is determined whether the vertical
position of the sound source is in the same plane as that of the
host vehicle on the basis of a variation in an arrival time
interval between sounds respectively collected by the sound
collectors arranged at different positions in the vertical direc-
tion of the host vehicle and different positions in the trans-
verse direction of the host vehicle.
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